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1. Compounds of formula (I): 



\ 



wherein ; 



- R, is selected from hydrogen and a^ght«hain or branched alky] radical that is opdonally 
substituted by one or more R 5 groups and contains from 1 to 5 carbon atoms. 

- R 2 is selected from hydrogen, a straight^hain or branched alkyl radical that is optionally 
subsututed by one or mom R 5 groups and contains from 1 to 12 carbon atoms, and a 
cycloahphatic radical containing from 3 to 8 carbon atoms that is optionally substituted by one 
or more R 5 groups, 3 



- R3 is selected from : 
* 

* 



a cycloahphatic radical containing from 3 to 8 carbon atoms, 
an aryl radical selected from the phenyl radical and the naphthyl radical 
and a hetemaryl radical selected from the radicals furyl, thienyl, thiazolyl. pynolyl 
jmrdazolyl pyndyl. pyrimidinyl, pymzolyl. pyn^y,, 
K (>qumolyl.mdolyl,benzofuranyl,benion)]tmenyI,^ * 



. . ./2 
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it being possible for each of the alkyl, cycloaliphatic, aiyl. aralkyl, heterocyclyl and heteroaiyl 
radicals optionally to be substituted by one or more R 5 groups, ; 

- or R 2 and R 3 , together with the nitrogen atom to which they are attached, form a radical 
selected from: 

a) the radical of formula (a) : 



\ 



/ 

CH^CH,),, 
R5V 



(a) 



b) the radical of formula (b) ; 



/CHrCCH,),, 

\ J /"*• (b) 
- CHj-j-CCHjk 

• ' .. «A 
c) and the radical of formulate) : 




- R4 is selected from hydrogen, a straight^hain or branched alkyl radical that is optionally 
substituted by one or more R 5 groups and contains from 1 to 5 carbon atoms, an aiyl and 
heteroaiyl radical selected from those described for the radical ! R£ an aralky radical and a 
heteroarylalkyl radical in which the aryl and heteroaiyl radicais are as defined above and the 
alkyl chain contains from 1 to 5 carbon atoms in straight or branched chain, each optionally 
being substituted by one or more R5 groups, 

- R 5 is selected from a halogen atom and a hydroxy, nitro. cyano, alkyl, alkoxy, acyl, caiboxy 
alkoxycarbonyl, catboxamido, haloalkyl, amino, alkylamino and dialkylamino group, the alkyl 
chains of the alkyl, alkoxy, acyl, alkoxycarbonyl, caibamoyl, haloalkyl, alkylamino and 
dialkylamino groups containing from 1 to 5 carbon atoms in straight or branched chain. 



.../3 



3 0 1)61974/94 

R6 represents either hydrogen or a radical selected from : 

a) the radical 




6) and the radical 



II ■■ 



the group CH or 



1 to 5 carbon atoms m straight or branched chain," 

- T is selected from a CH group and a rutri^ atog ; ' 

- Wis selected from Q and H2, .'-C :0'dpf J r[f:' 
-nj isO, l,2or3, 

- n 2 . depending on n,, is an integer of from 0 to (3^,,) inclusive. 

- n' is a value from 0 to (ni+n 2 +2) (inclusive), 

- m is selected from 0, 1, 2, 3 and 4, 

- X is selected from O and S, 
and 

- y is selected from O, S and % 



i containing from 



(11)61974/94 



f 



with the following provisos: 



- when R 2 represents hydrogen R3 cannot represent a phenyl radical substituted in the 
4 position by an oxy-2-hydroxy (or alkoxy)-3-aminopropyl chain, nor a phenyl radical 
substituted in the 2 position by a carboxy radical, 

- when R2 represents hydrogen, X represents sulphur and R4 represents a para- 
nitrophenyl radical, R3 cannot represent an optionally substituted aryl radical, 

- when R2 and R3, together with the nitrogen atom to which they are attached, form a 
radical selected from those of formulae (a), (b) and /(c) as defined hereinbefore, then - 
X-R4 cannot represent a -O-alkyl as defined hereinbefore, 

their possible stereoisomers, N-oxides and addition salts with a pharmaceutically acceptable 
acid or base. ■ 



specific to LDLs and membrane lipids and are usefti ^ the teatment or p^entiwMrf 
disorders resulting from or associated wim such peroxidation p and, especially 

arteriosclerosis, as well as inflam mation. y atheroma and 
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The following statement Is a full description of this invention, including the 
best method of performing it known to us 



The present invention relates to new substituted indoles, a process for their preparation and 
pharmaceutical compositions containing them. 



The literature provides some examples of indoles substituted in the 2 position : the work by E. 
Fernandez-Alvarez et aL 9 in the patent ES-2013391, discloses the preparation of allenic and 
acetylenic compounds of 2-aminomethyl-5-methoxyindoles starting from the corresponding 
carboxamides. In Eur, J T Mrt, Chgm, 25. 257-265 (1990), the same authors demonstrate, fi 
those same compounds, their inhibiting activity in relation to forms A and B of monoamine 
oxidase (MAO). 

The Applicant has discovered that new indoles substituted in the 2 position ikye^iy valuable 
pharmacological properties based on their spc^ 
oxidation of human LDLs (Low Density Upoprot^n^ 

More specifically, the invention relates to new indoles of the general formula (I) 
wherein: 

- R\ is selected from hydrogen and a straight-chain or branched alky] radical that is optionally 
substituted by one or more R5 groups and containsj^m 1 to 5 carbon atoms, 

- R2 is selected from hydrogen, a straight-chain or branched alkyl radTcal that is bptionaUy 
substituted by one or more R5 groups and contabs; from 1 to 12 carbon aroms, and a 
cycloaliphatic radical containing from 3 to 8 carbon atoms that is optionally substituted by one 
or more R5 groups, '-Kr^'': 

- R3 is selected from : 

* a cycloaliphatic radical containing from 3 to 8 carbon atoms, 

* an aryl radical selected from the phenyl radical and the naphthyl radical, 

* and a heteroaryl radical selected from the radicals fury], thienyl, thiazolyl, pynolyl, 
imidazolyl, pyridyl, pyrimidinyl, pyiazolyi, pyrazinyl, pyridazinyl, quinolyl, 
isoquinolyl, indolyl, benzofuranyl, benzoIb]mienyl, and beiaimidazolyl, 

it being possible for each of the cycloaUphatic, aryl, and heteroaryl radicals optionally to be 
substituted by one or more R5 groups, 



- or R 2 and R 3 , together with the nitrogen atom to which *. 

selected from: * to Whlch attached, form a radical 

a) the radical of formula (a) : 



\ ,/° 



(a) 



b) the radical of formula (b) : 



J-R. 



\ I / (b) 



c) and the radical of formula (c) : 



CH,- 




(c>: 



- R4 is selected from hydrogen, a «f»i n t.» «u • t 

«%i chain comate to, 1 „, 5 «2 i*** m " *«»<' *°™ and ,hc 

beto.snbain.w by-n-orntoB^^ "^~~****-'** m * 

."ma 1 WSc^atoiiBtosnnijtoorbmiclied chain, 

ct) the radical 



p) and the radical 

II 

- Xj, X2» X3 and X4 each represents, independently of the others, nitrogen, the group CH or 
the group C-R a , -;\ V 

- R a and Rj,, which are the same or different, are each selected, independently of the other; i 
from a halogen atom and a hydroxy, alkyl, alkoxy and haloalkyl radical each containing froml 
1 to 5 carbon atoms in straight or branched chain, 

- T is selected from a CH group and a nitrogen atom, . 

- W is selected from O and H2, ~ - ~ 
-nj isO, 1,2 or 3, ~~ , \ / 

- n2, depending on n\ 9 is an integer of from 0 tp^3-fiiijnclusivei- ^ 
-n' is a value from 0 to (ni+n2+2) (inclusive), ' : r.r£S>M. 

- m is selected from 0, 1, 2, 3 and 4, 

- q and q' are each, independently of the other, a value of from 0 to 5 (inclusive), 

- X is selected from O and S, 
and 

- X' is selected from O, S and H2, 
with the following provisos: 



- when R2 represents hydrogen R3 cannot represent a phenyl radical substituted in the 
4 position by an oxy-2-hydroxy (or alkoxy)-3-aininopropyl chain, nor a phenyl radical 
substituted in the 2 position by a carboxy radical, 

- when R 2 represents hydrogen, X represents sulphur and R4 represents a para- 
nitrophenyl radical, R3 cannot represent an optionally substituted aiyl radical, 

- when R2 and R3, together with the nitrogen aton to Which they are attached, form a 
radical selected from those of formulae (a), (b) and (c) as defined hereinbefore, then 
-X-R4 cannot represent a -O-alkyl as defined hereinbefore, 

their possible stereoisomers, N-oxides and addition salts with a phaimaceutically acceptable 
acidorbase. 

Among the phaimaceutically acceptable acids that may be used for the formation "of an 
addition salt with the compounds of the invention there may be mentioned, as non-limiting 
examples, hydrochloric, phosphoric, sulphuric, tartric, citric, ^ inaleic, fomaric, ^lsidphonic 
and camphoric acid. 

Among the phaimaceutically acceptable bases mat may be used for the foimation of an 
addition salt with the compounds of the invention there may be mentioned, as non-limiting 
examples, sodium or potassium l^droxide, diethylamine, triethylamine. etoanolamine, 
diethanolamine, arginine and lysine. 



The invention relates also to a process ferine preparation of compounds of formula (D, 
characterised in that the starting material is the acid lof formula <I^- r ^ '-^V^ii^fS' 




(ID 

which is converted into the corresponding acyl chloride by an appropriate reagent, for 
example phosphoras pentachloride, in a polar solvent, for example ether, and then subjected 
to the action of a secondary amine of formula (HI) : 

N ^ 

1 (in) 
wherein R2 and R3 are as defined for formula (I), 



in order to obtain the amide of formula (IV) : 



■ h 

wherein R2 and R 3 are as defined above, 



of which the indole nitrogen atom is optionally alkylated by the successive action of a 
deprotonattog agent, such as sodium 

B-R'! in which B represents a halogen atom or a sulphate group and R'| represents a straight- 
chain or branched alkyl radical that is optionally substituted by one or more R 5 groups and 
contams from 1 to 5 carbon atoms, in an appropriate solvent, such as dimethylformamide, to 
yield a compound of formula (IV) : 



*2 




1 



(IV) 



wherein R'i,R 2 and R3 are as defined hereinbefore, 

the totality of the compounds of formula (IV) and (IV) forming the totality of the compounds 
of formula (Va): • '4;;:;- ; ; r • IV'&v*?..*.^ 




(Va) 



wherein Rj, R 2 and R 3 are as defined hereinbefore. 

a particular instance of compounds of formula (I) in which -X-R4 represents the metboxy 
group, 



it bemg possible for the compounds of formula (Va), if desired, to be subjected to an a 
demethylation according to the method described by Fujita et al. (J. <W n,, m 45, 4275 
(1980)) by the action of a Lewis acid and an alkylthiol, to obtain the compounds of formula 
(Vb): 




(Vb) 

^ 0 

wherein R h R 2 and R 3 are as defined hereinbefore, 
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that reaction likewise leading, according to the operating conditions and by using an alkylthiol 
of the formula R.4-SH in which R- 4 has all the possible meanings of R4 with the exception of 
hydrogen, to compounds of formula (Vc) : 

V 



R, 




-R3 



(Vc) 



wherein the substituents R 2 , R 3 and R* 4 are as defined hereinbefore, 



the compounds of formula (Vd) : 

HS 




(Vd) 



wherein Rj, R 2 and R3 are as defined hereinbefore 
being obtained by debenzylation, by chemical or catalytic reduction, of compounds of formula 

10 (Vc 1 ): . •-. . • •;• 




a benzyl 



15 yield compounds of formula (Ve) 




to a conventional etherification to 



(Ve) 



20 



1 ? 

■ ■ R, 

wherein R lt R 2 and R 3 are as defined hereinbefore and R' represents an optionally 
substituted straight-chain or branched alkyl radical containing from 2 to 5 carbon 
atoms, or an aryl, aralkyl, heteroaryl or heteroarylaDcyl radical selected from those 
described for R4, 
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the totality of the compounds of formulae (Va). (Vb), (Vc), (Vd) and (Ve) forming the totality 
of the compounds of formula (V) : 

-"xxrc - 

wherein X, Rj, R 2 , R3 and R4 are as defined hereinbefore, 

5 a particular instance of compounds of formula (I) wherein X* represents oxygen, which are 
either: 

- converted, by treatment with Lawesson's reagent, to a thioamide of formula (V) ' 




II X ^ (V) 

R, 



wherein X, Rj, R 2 , R3 and R4 are as defined hereinbefore, 

10 a particular instance of compounds of formula (I) wherein X* represents sulphur, 

- or reduced, using a reducing agent, sucl as lithium aluminium hydride, in an anhydrous 
solvent, such as diethyl ether, to compounds of formula (V"): 

- ■ -isS^t ^ ; 

wherein X, R j, R 2 , R3 and R4 are as defined hereinbefore, 
15 a particular instance of compounds of formula (D wherein X* represents an H 2 group, 

:•. the totality of the compounds of formulae (V), 00 and (V") forming the totality of the 
compounds of formula (I), which are purified and optionally separated into their stereoisomers 

• \ by a conventional method of separation and, if desired, converted into their pharmaceuticaUy 
acceptable addition salts with an acid or a base. 

20. The alkylation of the nitrogen atom described for the compounds of formula (IV) can also be 
carried out directly on the starting compound of formula (H). In that case, the compound 
obtained is the compound of formula (VH) : 



wherein Rj is as defined hereinbefore, 

which is then hydrolysed by the action of a base, such as potassium hydroxide, to yield the 
compound of formula (Vm) : 

wherein Ri is as defined hereinbefore, 

which is then treated in an analogous manner to the compound of formula (D) to yield the 
compound of formula (I). ; 

The compounds of formula (K) : • " 

10 - •• v : : : ^^:^/iAl : :- v • : *-\ : '7 : -': i /.-A--; •• ... 

a particular instance of compounds of Ifonnula (I) wherein Rj represents hydrogen, R f 2 
represents an aryl radical as defined hereinbefore, R3 and R4 each represents hydrogen and X 
and X* each represents oxygen. 

converted into its cme^nding acyl -;cUo^^1ie action of thionyl chloride, the acyl 
'it chloride then being treated with an amine of formula (X): 

wherein R'2 is as defined hereinbefore. 

The compounds of the present invention surprisingly exhibit very significant anti-oxidant 
properties. Pharmacological studies have in particular demonstrated that those compounds 
20 have remarkable protecting activities specific to the peroxidation of low-density lipoproteins 
(LDLs) and membrane lipids. 

The compounds of the invention have also exhibited an anti-inflammatory activity and have a 
platelet anti-aggregation activity. 

The compounds of the invention thus have a new and especially beneficial activity in 



disorders involving peroxidation of the membrane lipids. The new compounds can thus be 
used in the treatment or prevention of disorders resulting from or associated with such 
peroxidation phenomena and, especially, cerebral, renal or cardiac ischaemic disorders and 
metabolic disorders notably atheroma and arteriosclerosis, as well as inflammation. 

The present invention relates also to pharmaceutical compositions comprising a compound of 
formula (I), or a pharmaceutical^ acceptable addition salt thereof with an acid or a base, alone 
or in combination with one or more inert non-toxic excipients. Among the pharmaceutical 
compositions according to the invention there may be mentioned more especially those which 
are suitable for oral, parenteral, nasal, rectal, perlingual, ocular or pulmonary administration 
and, in particular, injectable preparations, aerosols, eye or nose drops, tablets, film-coated 
tablets, dragSes, soft gelatin capsules, hard gelatin capsules, creams, ointments, dermal gels, 
suppositories... 

The dosage varies in accordance with the age and weight of the patient, the route of admin- 
istration, the nature of the disorder and any associated treatments, and ranges from 0.5 mg to 
2 g per 24 hours. 

The following Examples illustrateihe invention without in any way limiting it 

The starting materials are readily available cfare prepared by known operating methods. 



EXAMELEJ : N-Me^ ^ ~ 

1 g (5.23 mmol) of 5-methoxyindole-i2<a^xylic acid is added to 60 ml of anhydrous diethyl 
ether, then 1.64 g (7.85 mmol) of phosphorus pentachloride. When the solution has become 
clear, the solvent is evaporated off in viaa^^^kdat is taken up in 50 ml of anhydrous 
ether, which is subsequently evaporated off, and then the same operation is carried out twice 
with 50 ml of trichloromethane. The precipitate obtained is dissolved again in 50 ml of 
anhydrous ether. The solution is cooled to 0°C in an ice bath, and then 1.12 g (10.46 mmol) of 
N-methylaniline in 15 ml of dry dioxane are added dropwise. The solution is stirred for one 
night at room temperature, the solvent is then evaporated off in vacuo, and the precipitate is 
taken up in 50 ml of trichloromethane, washed with a dilute solution of hydrochloric acid 
(IN), and then four times with water. The organic phase is then dried over magnesium 
sulphate and the solvent is subsequently evaporated off in vacuo. The precipitate obtained is 
then washed several times with petroleum ether and recrystallised from ethanol. 
Iisld:86%. 



Melting p9jpf ; 194°C. 



^zzrirjo^ s .iir ^ - — to 10 - « 

am .en added dropwise. J ^ SSSTiS^ " ^ 

hours, the soJutioo. which has become dear, is hydrotysedLd 2*2^0 ^1 
ammonium hydroxide solution, and then extracted with diethyl ^ *T 
treatment of the organic phase, the expected product is recrvs.2 W ^ 
acetate/petroleum emer (50/501 P « " ^stallised trom a mature of ethyj 



9 acetate/petroleum ether (50/50). 
J0eJd:84%. 
Melting point : 94°c. 



^■»g (!.s 11^1)^,^ obotariin ,> 

chloride which has beforehand bun *»m~. * ^ M m 5 °f "Mhyleiic 

mixture, cooled to 0°C ^^^fW^""' *° '"**« » '• 

cbJoHde a* 20 e^e^ of ed^hio, £SStf*» 
poured onto ice and ecidified baiS^iS^^ ' 1 '™"' fa 



add: 50%. 
MfiltjamfliB : 139« C 



dimethylfonnamide After n»t..mm«.» «ussoJveo in 20 ml of 

, uica ^.j g mmol) of dimethyl sulphate are added Th. — » * 
subsequendy hydrolysed, treated with a 10 %TZL TT * aCt,M miXtUrc is 

*itn a 10 % ammonium hydroxide solution and then 



extracted with ether. After customary treatment of the organic phase, a solid corresponding to 
methyl S-methoxy-Lmethylindole^-carboxylate is obtained which is used crude for the 
hydrolysis. For that purpose, 1 g (4.9 mmol) of the ester in 30 ml of a 10 % solution of 
potassrum hydroxide in ethanol is heated at reflux for 1 hour and then cooled. After extraction 
with ether, acidification with a 10 % hydrochloric acid solution and customary treatment of 
the organic phase, the solid obtained is treated with aniline as described in Example 1. The 
expected amide is recrystallised from ethanol. 
lisld : 70 %. 
Meltinppninr : 200 e C. 



EXAMPLE $ : N-PhenyK5.hydroxy.l.methyIindol-2.yl)carboxainIde 

500 mg (1.9 mmol) of the compound obtained in Example 4, which have beforehand been 
dissolved in 5 ml of methylene chloride, are slowly added to a mixture, cooled to^C W\2 
mg (2.84 mmol) of aluininium bromide and 4.2 g (37.9 mmol) of thiophenol. At lw«e^ 
of half an hour there are then added twice 1.5 equivalents of aluminium hroi^detoda) 
equivalents of thiophenol. After having been stirred for a total of 2 hours « O^.^e solution 
is poured onto ice, acidified with IN hydrochloric acid to pH 2 and then extracted wil 
dichloromethane. After customary ^tHm^^jb*.ijj& phase, 'the :cmdel^urt^' 
purified by chromatography on a silica column. v. i, 

XisM:44%. - I" -,..- ■ 

MeJtingjjpjni: 195°C. " ti^^jjfrp. 



5Mmg(1.9nimol)oftheconip<Hiirf 

dissolved in 5 ml of methylene chloride distilled over phosphorus pentoxide^^added 
dropwise to a mixture, cooled to (PC. of 380 mg (2.84 mmol) ciMitfj^Sj^ 
(37.9 mmol) of ethanethioL After the mixture has been stilted for 1 hour at 0«C. ij 
equivalents of aluminium chloride and 20 equivalents of ethanethiol are added. Tne mixture is 
stored for a further hour at 0»C. then poured onto ice, treated with IN hydrochloric acid and 
subsequently extracted with dichloromethane. After customary treatment of the organic phase 
and purification of the crude product by chromatography on a silica column, the expected 
compound is obtained. «4w«a 
XteM:30%. 
Melting point • nn°r» 
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Examples 7 and 8 are prepared in accordance with the method of operation described for 
Example 1 with condensation of the corresponding amine to the desired compound. 

BSAMPkg7 : N-PhenyI-(5-methoxyL doI-2-yQcarboxamJde 

Melting point: 191 »C 

5 EXAMPLES ; NK3-MethoxyphfflyI>(5-meOiox^^ 

Melting point ; IMT 

Examples 9 to 12 are prepared in accordance with the method of operation described for 
Example 1 and O-demethylated according to Example 3. 

MAMHM2: N-PhenyK5-hydroxyudol r 2-yi)carboxar^ 

Melting point : 2r7°C • "■'^■I'C 

EXAMELElfl : W*&Mb*Oh^ 

Melting point ?>SV>C 

EXAMPLE II : N-Me%l-N-phenyK5-hydroxylndol.2-yi)ca k boxamide 

Melting point: IWC 

EXAMPLE 12: N4Tieny|.NKn^iM5.hyd*o^^ 

Melting point :lffl°r 
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Examples 13 to 17 axe carried out according to the method of operation described for 
Examples. 

EXAMPLE 13 : N^OilorophenylMS-hydroxy^^ 

Melting point :187°C. 

EXAMPLE 14 : N-Methyl-NK3KMorophenylM5-ty^ 
carboxamlde ■ 

Meltinp point : 142°C . 

EXAMPLE 15 : N-Methyl-N^triflu^ 
yl)carboxamide 

Mdting point :i58 e c 

EXAMPLE 16 : N-Methyl.N.(3*romophen^ 

carboxamlde .. ■ .:"'?'-> : J?y : *}Zyjj:\ys.\ 

Melting point :144°C. 

EXAMPLE 17 ; NKn-ButyI>N-phenyH5-h^^ 
Melting point : 150 8 C. 

EXAMPLE 18 ; N-Phenyl-N^iw>ctylM5^^ 

A compound produced according to a method of operation identical to that described for 
Example 6. 

Melting point :87°c. 
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By proceeding in the same manner as for Examples 1, 2 or 3, the following are obtained: 

EXAMPLE 12 : l-Methyl-5-hydroxy-^ 
yI}carbony!indole 

Melting point :220°C 

EXAMELE-2fl: l-Methy].5.hydroxy^[4-(2^,4-trimethoxybenzyI)plperazin.l- 
yl]carbonylindole 

EXAMPLE 21 : l*MethyI-5-hydroxy-2-[4-(4-fluorobenzoyl)piperidin-l>yq- 
carbonylindole 

EXAMPLE 22 : l-Methyl-5-methoxy-2-{4-[bis-(4-fluorophenyI)inethylene]pfperazin-l 

■ • yl}ctfboiiyI|^oter^- 

EXAMPLE 23 ; NKQainoI-3-ylH5-pbenoxy*l-methyUiidol-2-yl)carboxainlde 

EXAMPLE 24 : l-Methyl-54>eiizylcHtf-2-[4^^ 
carbonylindole 

EXAMPLE 2S : l-Methyl.5K^pyridyI)oxy-2K44>ei^ 

EXAMPLE 2d : l-Metbyl-5>metnoxy-2K4-pbenethyh^^ 

EXAMPLE 27 1 5-Hydroxy-2-{4-[bis-(4-nuorophenyI)methyl]pipcrazln-l-y]}- 
carbonylindole 



i ■ - ■ - 
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EX AMPLE 28 : N-Cyc!ohexyl-N-methyl-(5-methoxyindol-2-}I)carboxamJde 

EXAMPLE 29 : 5-Methoxy-2-(4-methylpJperidIno)carbonyUndoIe 

EXAMPLE 30 : 5-BenzyIoxy-2-{4-[bis-(phenyl)methyl]piperidino}carbonyIindole 

EXAMPLE n : N-MethyI-N-(pyrid-^yiM5-meto^^ 

5 EXAMPLE 32; 5-Methoxy-2-(4-n-propylpiperadn-l.yl)carbony]indole 

EXAMPLE 33 : 5K2^DimethyIpyrid^yI)-2-[4K4^^ 
carbonylhtdole 

EXAMPLE 34; 5-Benzyloxy-2-{4-[bis-(4-nuorophenyI)niethyl]plperazin-l-y]}- 

'''"lb EXAMPLE 35 : 5-Hydro^.2.[4^2^Atrimcthoxybeiizy0pli>enuin-l.yI]. 

carbonyUndoIe • 

Melting point :181°C. 

The following Examples are prepared according to the method of operation described for 
Example 6. 

is EXAMPLE 36 : l-Ethyl-5*thylthio-24HbM*^ 
yljcarbonylindole 



EXAMPLE 37 : l-Methyl-S.methylthio-2-[4.(phenyl)piperazin-l-yl]carbonyluidole 



EXAMELE38 : N-Phenyl-N-(n-bntylH5-benzyIthloindol-2-yl)carboxaniide 
EXAMPLE 39: N.Benzyl-N-methyI-(5-ethyIthiolndoI-2-yl)carboxamlde 
EXAMPLE 40: 5-Benzylthio-2-[4*(4-fluoropheny])p!perazin-l-yI]carbony]indole 

EXAMPLES : N-(n-Butyl)-N-phenyH5-hydroxy.l-methyIindol-2-yl)methylamine 

2 mmols of the compound obtained in Example 17 are heated at reflux under a nitrogen 
atmosphere in the presence of 5 mmol of lithium aluminium hydride in 35 cm 3 of diethyl 
ether. After cooling, hydrolysis, elimination of insoluble mineral material by filtration and 
drying over sodium sulphate, the erode product is purified by chromatography on a silica 
column. 
lkld:75 %. 

Using an identical method of operation; starting from the appropriate carboxamides, the 
following amines are obtained: - _ _, — -V- - • • 

EXAMPLE 4? : l*Methyl-5-hydn^ 

yljmethylindole \ ^ 

The compound is obtained starting from the impound of Example 19 
EXAMPLE 43: l-Methyl-5-met^ 

The compound is obtained starting from the compound of Example 26 

EXAMPLE 44: NKn-BntyQ-N-phe^ 
carbonylindole , 

17 mmols of the compound of Example 17 are dissolved in 125 cm 3 of anhydrous toluene. 
10.2 mmols of Lawesson's reagent are added and the whole is heated at reflux for 6 hours. 



f 
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After evaporation of the solvent and purification on a silica column, the title compound is 

obtained. 

ikld:90%. 



The following are obtained in the same manner 



5 EXAMPLE 45 : l-MetbyI-5-hydroxy-2-{^ 
yl}thiocarbonyIindole 

The compound is obtained starting from the compound of Example 19. 



if; f 
^ t 

I f 



EXAMPLE 46; l-MethyI-5-roethoxy-2-(4-ph^^ j | 

The compound is obtained starting from the compound of Example 26. 



l/f 



•;o EXAMPLE 47 ! N<n-HexyIH*phenyH5-h^^^ ?f> I (l 



The compound is obtained in accordance with the method of operation described in Example f 
12. 

Melting point : 164°C. 



i .... 



12. . '• - . -■: - - \ -•*-;. i 



V 

it 

i 



EXAMPLE 48 : NKn-Hexyl)^-phenyK5.hydroxy4^U^^ 

is The compound is obtained in accordance with the method of operation 'described in Example 

17. ' '.. ■ "; ;•• "" "•" '"'/'••• •••^'g v^i&f - V 

Melting point :QQ°C. • .':*/'•- '-^v:^ ' ^'^vfi-^-.' | 1 ' 

EXAMPLE 49 : 5-Hydroxy.l-methyH4-[bM4-fluoropbeiiy0methylene]piperidln-l. | j 

yl}carbonylindole ft | 

' ' : • • : I"''''..''- IS 

20 The compound is obtained in accordance with the method of operation described in Example -1| ft 

i9. k-% 

i I 



PHARMACOLOGICAL STUDY 



FvnmnleA : Study of the protective activity against LDL oxidation 

The capacity of the compounds of the invention to decrease the proportions of oxidised LDLs/, 
was measured in the following manner : incubation of combinations of native human LDLs, a | 
Cu 2+ free radical generator, and the compounds to be tested is carried out for 24 hours. V 
The results are obtained after analysis of the mixture by a high performance chromatograp^ ^ 
technique : FPLC (Fast Protein Uquid Chromatography). The protective activity of the tested J 
compound is determined after comparing the resulting chromatogram with that of the positive 
control used as reference : protocol, ft appears clearly that the compounds of the toyention : , ( 
haveaveiy significant protective activity. As a comparison, at a concentration of 10"? M, the 
level of protection obtained for the compounds of the invention surpasses that of probucol. 
That is true especially of the compoirod described in Example 17, which has the capacity to p 



IxjunakS: Study of the 

malonic dialdehyde) 

Purified LDLs are incubated in the presence of copper sulphate at a concentration of 5.10^ M 



... t :. 
. . . 



in the absence or prescutc %n uj» wiu|iyu«*t* w*»*6 t^mwx. 'zz.77?~'"t " ~ ~. ~~: f.~>~n 
is evaluated by calculating the concentration that reduces the production of malonic^ 
dialdehyde (MDA) by 50 % GCso) <^inpared with control experiments canied out in th? 
absence of product The compounds of the invention are remarkably active in that tes^ with 



Example C : Ex vivo study in Watanabe rabbits 

Watanabe rabbits were treated once per day by the oral route either with the carrier (control 
group) or the compounds of the invention at the dose of 50 mg/kg/day for 3 days. On day 3, 3 
hours after the last treatment the animals are sacrificed and the blood is collected under 
emylenedianiinetetraacetic acid (EDTA). The LDLs (Low Density Lipoproteins) are purified 
by ultracentrifugation and subjected to oxidation by copper sulphate tfxlO^M). The lipid 
peroxidation of the LDLs is evaluated after different periods of incubation (from 2 to 48 
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hours) with copper sulphate by measuring the formation of MDA (malonic dialdehyde). 
The compounds of the invention exhibit a significant reduction in the production of MDA 
compared with the control (p < 0.001), thus demonstrating a protective activity against lipid 
peroxidation ex vi vo after administration per os. 

5 Example D : Study of the antiperoxidant activity 

The action of the compounds used in accordance with the invention, which are capable of 
trapping *OH radicals, was studied on the one hand in the spontaneous peroxidation of lipids 
and, on the other hand, in peroxidation induced by the system Fe 2 +-ascorbate (10 mM - 
250 mM)Jn rats' brain homogenates. 

10 a) stydy of spQnftncpus Upiti perctidatipn 

For the measurement of spontaneous lipid peroxidation, rats' brain homogenates are placed in 
the presence or absence of the compounds to be tested for a period of 60 minutes at 37°C. The 
reaction is stopped at 0°C and the malonic dialdehyde is measured using thiobarbituric acid 
The lipid peroxidation is determined by the substances that react with the thiobarbituric acid; 
. 15 expressed in nanomoles of malonic dialdehyde (MDA). The concentrations of the compounds 
tested that inhibit peroxidation of the substrate by 50 % are calculated It appeared that die 
compounds of formula (I) used in accordance with the invention possess a particularly intense 
antiperoxidant activity since they have an antiperoxidant activity distincdy greater than 
probucol and vitamin E, which is the natural antioxidant cf the human organism. 

•20 b)Sttijy of induced lipid pgroxidatign ; 

For the measurement of induced lipid peroxidation, the methodology is identical to that 
described above except for the addition to the homogenate of the radical initiator system : 
Fe 2+ ascorbate. The reference substances are probucol and vitamin E. The concentrations of 
the compounds tested that inhibit peroxidation of the substrate by 50 % are calculated For 
25 example, the compound of Example 17 has an IC50 (MDA) equal to 5xl0~ 7 M (probucol 
ratio = 6). 

Example E : Study of the anti-inflammatory activity 

The measurements are carried out on rabbit granulocytes. The isolated granulocytes are 
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stimulated in vitro by the calcium ionophore (A 23187). The B4 leukotrienes released in the 
extracellular medium are measured by Radio Immuno Assay (RIA). The results (averages of 3 
independent measurements) are expressed as a percentage inhibition compared with the 
control. 

5 By way of example, the compound of Example 17 exhibits an inhibiting activity of 51 % at 
lOmM. 

Example F : Study of the antiaggregation activity 

In this study, the compounds of the invention (100 rag/ml) were tested with the aim of 
quantifying their ability to inhibit the maximum non-reversible platelet aggregation (rabbit 
10 plasma rich in platelets) induced by sodium arachidonate (SO mg/ml). Thus the minimum 
active concentration for the compound of Example 17 is 30 mM. , 

Example G : Pharmaceutical composition : tablets 
Formulation for the preparation of 1000 50 mg tablets 

Compound of Example 1. ..^i.^.Z^.:^^^50 ^:.:„:. v • 

\5 wheat starch ........................ ...........™..i„U5 g i 

maize starch .....;^..;.15 g 

lactose ••♦•••»•••»••••»•••••»••••»•-••••••••»••»•»»»••••••♦••♦••»•••«.••••» 65 g », 

«. magnesium s te a r a t e ........ ............................. ........ .....2 g «" 

• silica •.•..■•.•••...M...............................i.......................t. 1 g 

20 hydxoxypropyl cellulose. ................2g 
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TOE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
1. Compounds of formula (I): 



\ 




(i) 



wherein : 



5 - Rl is selected from hydrogen and a ^ 

substituted by one or more R 5 groups and contains from 1 to 5 carbon atoms, 

- R 2 is selected from hydrogen, a straight-chain or branched alkyl radical that is optionally 
substituted by one or more R 5 groups and contains from 1 to 12 carbon atoms, and a 
cycloaliphatic radical containing from 3 to 8 carbon atoms that is optionaUy substituted by one 

io ormoreR5 groups, r.-0. 

- R3 is selected from : 

* a cycloaliphatic radical containing fro 

♦ an i 

• and a hctcroaryi radical sclcrtetfSwn^he radicals furyi, thienyl. Ihiazolyl, pynolyl 
is imidazoly^ 




it being possible for each of the i 

radicals optionally to be substituted by )tt^iw*3fF n P' 



- or R 2 and R 3 , together with the nitrogen atom to which they are attached, form a radical 
20 selected from : '• '? •'V • 



a) the radical of formula (a) : 



\ 



J 



(a) 



b) the radical of formula (b) : 



/ CH-(CH 2 ) o] 

, T_R * 
\ / 
CHj-CCHj),, 



(b) 



(R,), 



c) and the radical of formula (c) : 
/ ca s 




(c) 



- R4 is selected from hydrogen, a straight-chain or branched alkyl radical that is optionally 
substituted by one or more R5 groups and contains from 1 to 5 carbon atoms, an aryl and 
heteroaryl radical selected from those described for the radical R3, an aralky radical and a 
heteroaiylalkyl radical in which the aryl and heteroaryl radicals areas defined above and the 
alkyl chain contains from 1 to 5 carbon atoms in straight or branched chain, each optionally 
being substituted by one or more R5 groups, 

- R5 is selected from a halogen atom and a hydroxy, nitro, cyano, alkyl, alkoxy, acyl, carboxy, 
alkoxycarbonyl, carboxamido, haloalkyl, amino, alkylamino and dialkylamino group, the alkyl 
chains of the alkyl, alkoxy, acyl, alkoxycarbonyl, carbamoyl, haloalkyl, alkylainino and 
dialkylamino groups containing from 1 to 5 carbon atoms in straight or branched chain, 

- R$ represents either hydrogen or a radical selected from : 



a) the radical 




B) and the radical 



W 
II 
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- X! , X 2 , X 3 and X4 each represents, independenUy of the others, nitrogen, the group CH or 
the group C-Ra, 

- Ra and Rb, which are the same or different, are each selected, independently of the other, 
from a halogen atom and a hydroxy, alkyl, alkoxy and haloalkyl radical each containing from 
1 to 5 carbon atoms in straight or branched chain, 

- T is selected from a CH group and a nitrogen atom, 

- W is selected from O and H2, 
-nj isO, 1,2 or 3, 

- H2, depending on ni, is an integer of from 0 to (3-ni) inclusive, 

- n' is a value from 0 to (ni+n2+2) (inclusive), 

- m is selected from 0, 1, 2, 3 and 4, 

- q and q' are each, independently of the oSier; a value of from 0 to 5 (inclusive), ; 

- X is selected from O and S, 

and --' ■ \\* -\j:fi' \ : ; •/ " ■ /. ■ ."*.'•; 

-X 1 is selected from 0,S and H2 t 

with the following provisos: 

- when R 2 represents hydrogen R 3 cannot represent a phenyl radical substituted in the 
4 position by an oxy-2-hydroxy (or alkoxy^an^opropyl chain, nor a phenyl radical 
substituted in the 2 position by a carboxy radical, 

- when R 2 represents hydrogen, X represents sulphur and R4 represents a para- 
nitrophenyl radical, R 3 cannot represent an optionally substituted aryl radical, 

- when R 2 and R 3 , together with the nitrogen atom to which they are attached, form a 
radical selected from those of formulae (a), (b) and (c) as defined hereinbefore, then - 
X-R4 cannot represent a -O-alkyl as defined hereinbefore, 
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their possible stereoisomers, N-oxides and addition salts with a pharmaceutical^ acceptable 
acid or base. 

2. Compounds according to claim 1, in which Rj represents a hydrogen atom, their 
stereoisomers, N-oxides and pharmaceuticaUy acceptable addition salts with an acid or a base. 

3. Compounds of formula (I) according to claim 1, in which R] represents a methyl 
radical, their stereoisomers, N-oxides and pharmaceuticaUy acceptable addition salts with an 
acid or a base. 

4. Compounds of formula (D according to claim 1, in which R4 represents a hydrogen 
atom, their stereoisomers, N-oxides and pharmaceuticaUy acceptable addition salts with an 

10 acid or a base. '•" : .\£\y 

5. Compounds of formula (1) according to claim 1, in which R4 represents a methyl 
radical, their stereoisomers, N-oxides_and pharmaceuticaUy acceptable addition salts with an 

• t acid or a base. _. ' ; 

6. Compounds of formula (I) according to claim 1, in which X represents oxygen, their 
15 stereoisomers, and pharmaceuticaUy acceptable addition salts with an acid or a base. ; 'U£^i 

7. Compound according to claim 1, which is N-{n-butyl)-N-phenyl-(5-hya^-i-memyK 
indol-2-yl)caiboxamide, and also its pharmaceuticaUy acceptable addition salts witbabase. 



• 1 * • 

• 



8. Compound according to claim 1, which is l-memyl-S-hydioxy-2-{4-[bis.(4- 
fluorophenyl)iiiemyl]piperazm-l-yl}caibonylmdo^^^ and also its pharmaceuticaUy acceptable 

' 20 addition salts with an acid or base. 

9. Compound according to claim 1, which is NKn-hexyl)-N-phenyl-(5-hyd^xyindol-2- 
yl)caiboxamide, and also its pharmaceuticaUy acceptable addition salts with a base. 

10. Process for the preparation of compounds of formula (I) according to claim 1, 
characterised in that the starting material is the acid of formula (II)- 

^OK - 

25 H 

which is converted into the corresponding acyl chloride by an appropriate reagent, for 
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example phosphorus pentachloride, in a polar solvent, for example ether, and then subjected 
to the action of a secondary amine of formula (HI) : 

V on) 

wherein R2 and R3 are as defined for formula (I), 
5 in order to obtain the amide of formula (IV): . 




?! y-i (no 

wherein R2 and R3 are as defined above, 

of which the indole nitrogen atom is optionally alkylated by the successive action of a 
deprotonating agent, such as sodium hydride, and an alkylating agent of formula B-R'i in 
10 which B represents a halogen atom or a sulphate group and R*j represents a straight-chain or 
branched alkyl radical that is optionally substituted by one or more R5 groups and contains 
from 1 to 5 carbon atoms, in an appropriate solvent, such as dimethylfonnamide, to yield a 
compound of formula (IV): ""Vx-- v --=^^ 

15 wherein R'j, R2 and R3 are as defined hereinbefore, 

the totality of the compounds of formula (IV) and (IV) forming the totality of the compounds 
of formula (Va): 




3 0 

wherein Ri,R2 and R3 are as defined hereinbefore, 

20 a particular instance of compounds of formula (Q in which -X-R4 represents the methoxy 
group, 

it being possible for the compounds of formula (Va), if desired, to be subjected to an O- 
demethylation by the action of a Lewis acid and an alkylthiol, to obtain the compounds of 
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15 



formula (Vb): 

wherein Rj , R2 and R3 are as defined hereinbefore, 

that taction likewise leading, according to the operating conditions and by using an alkylthiol 
5 of the formula R' 4 -SH in which R' 4 has all the possible meanings of R4 with the exception of 
hydrogen, to compounds of formula (Vc) : 

wherein the substituents Rj, R 2 , R3 and R' 4 are as defined hereinbefore, 
the compounds of formula (Vd) : 

10 ' R| - 

wherein R j, R2 and R3 are as defined hereinbefore 

being obtained by debenzylation, by chemical or catalytic reduction,of compounds of formula 
(Vc 1 ): 



(X, 




a particular instance of compounds of formula (Vc) wherein R'4 represents a benzyl 
radical. 



the compounds of formula (Vb) optionally being subjected to a conventional etherification to 
yield compounds of formula (Ve) : 
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■ R, 

whetein X, R,, R 2 , R 3 and R4 are as defined hereinbefore, 
lb a^uiarinstance of -poun^ 

- converted, by treatment with Uwesson^reagent, to a thioamide of fonnula (V) • 

wheremX,R 1 ,R 2 ,R 3 andRtareasa^fiiH ; dhereinb^ 
5 aparticuiarinstanceofcon^u^ 

- or reduced, using a reducing agent, such as bthium dunanium hydride in an anhydrous 
solvent, such as diethyl ether, to compounds of fonnula (V«) : * : 




(V") 

wherein X. R,, R 2 , R 3 and ^ m 1^^^ 
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a particular instance of compounds of formula (I) wherein X 1 represents an H2 group, 

the totality of the compounds of formulae (V), (V) and (V") forming the totality of the 
compounds of formula (I), which are purified and optionally separated into their stereoisomers 
by a conventional method of separation and, if desired, converted into their pharmaceutical^ 
acceptable addition salts with an acid or a base. 

11. Pharmaceutical compositions comprising as active ingredient at least one compound 
according to any one of claims 1 to 9, alone or in combination with one or more 
pharmaceutically acceptable, inert, non-toxic carriers* 

12. Pharmaceutical compositions according to claim 1 1 which exert an antioxidant activity 
specific to LDLs and membrane lipids and are useful in the treatment or prevention of 
disorders resulting from or associated with such peroxidation phenomena and, especially, 
cerebral, renal or cardiac ischaemic disorders and metabolic disorders, notably atheroma and 
arteriosclerosis, as well as inflammation. 



DATED this 10th day of May 1994, £ 
ADIR ET O0MPAGNIE 

WATERMARK PATENT & TRADEMARK ATTORNEYS \ 
"THE ATRIUM" 
290 BURWOOD ROAD 
HAWTHORN . VIC * 3 122 • 



7 




ABSTRACT 



NEW SUBSTITUTED INDOLES, 
A PROCESS FOR THEIR PREPARATION 
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 



ADIR ET COMPAGNIE 
1 RUE CARLE HEBERT 
92415 COURBEVOIE CEDEX 



Compounds of the general formula (I) : 



10 



wherein : 



• • • 

• « • 

• • • - * 

• • • i 
• » i < 



.15 




(D 



X represents O or S, '\y}h:/'-'~ 
X represents O, S orJJ^T 

and Ri, R2, R3 and R^are as defined in the description* 



resulting from or 
cardiac ischaemk 
as well as inflammation. 



m in the treatment or prevention of disorders 

y f cerebral* renal or 




notably atheroma and arterio-sclerosis, 



J 
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